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[57] ABSTRACT 

The present invention is directed to a fluid-imbibing 
drug delivery device which is useful for the initial de- 
layed delivery of an active agent formulation to a fluid 
environment of use, the initial delay period to startup or 
activation being of a predetermined length of time. The 
delivery of the agent formulation from the dispensing 
device, once begun, is continued over a predetermined 
prolonged period of time. 

16 Claims^ 2 Drawing Sheets 
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housiog for the continuous delivery of an active agent 

OSMOTIC DEVICE WITH DELAYED to the environment over a prolonged time period, the 

ACTIVATION OF DRUG DELIVERY delivery chamber including at least one active agent 

formulation containing at least one active agent, an exit 

RELATED APPLICATION 5 means for providing communication between the active 

This application is a continuation-in-part of U.S. ap- formulation and the environment of use» a first 

plication Ser. No. 07/819,417, filed on Jan. 10, 1992, expansion means for dispensing the active agent fonnu- 

now U.S. Pat. No. 5,223,265, issued Jun. 29, 1993. lation through the exit means to the environment, and 

means for allowing passage of fluid into the first expan- 

HELD OF THE INVENTION lO sion means (the •'fluid-passage means"); and an cxpan- 

The present invention is related to the delayed deliv- sion chamber within the second housing for separating 

ery of an active agent. More particularly, it is related. to apart the first and second housings of the device after 

osmotically-activated devices for dispensing active exposure to the environment of use to provide the initial 

agents to a biological environment of use following an delay, the expansion chamber including a second expan- 

initial delay. sion means and a push plate. 

p Af-vnuniTMn riT? xhp TMVPTO-nnM invention also is directed to a method for delay- 

BACKGROUND OF THE INVENTION .^^^ ^^^^^^ of an active agent to a fluid envi- 

Osmotic dispensing devices for delivery of therapeu- romnent of use, the method comprising placing the 
tically active agents are well known in the art. Such dispensing device of the invention into the environment 
devices use an expansion means to deliver an agent to an of use, allowing fluid to be imbibed through at least a 
environment of use over a period of hours, days or portion of the second housing of the dispcnsmg device 
months. The expansion means absorbs liquid, expands, for causing the second expansion means to expand over 
and acts to drive out beneficial agent formulation from and exert pressure on the slidably connected first 
the interior of the device in a controlled, usually con- ^nd second housings to push apart and separate the two 
stant manner. The osmotic expansion means is used to 25 jj^usj^gs device to expose the fluid-passage 
controllably, usually relatively slowly, and over a per- j^^ans of the first housing to the environment, and al- 
lod of time, deliver the agent. Because ^hey become jj^^ibed through the fluid-passage 
activated as soon as they are placed m a fluid environ- ^^^^ f-^^j expansion means to expand 
ment^ these devices are not generally used to delay the ^j^^ ^^^^^ ^ „j formulation from the delivery 
mitia^ release of the agent. Where osmotic technology 30 ^ delivering the active agent into the 
has been used to provide an mitial delay, the delay is environment of use 
followed by the rapid release, or substantially simulta- 
neous introduction, of all of the agent or all of the dos- DESCRIPTION OF THE DRAWINGS 

age form(s) containing the agent into the environment *j * lu* *f-*i. 

> * e t3/-T uT *• M7/-k Qi/ii«Ti "J*! Thc drawiHgs aTe not drBwn to scalc, but arc sct forth 

of use at one time. See, PCT publication WO 92/13521. 35 ^ .„ , , , ^ . t i. 

This is not always an appropnate method of dchvery, 

such as when delivery of an agent at a constant rate 

over 8 prolonged period of time is desired. , ^ ^ • i- i. • .i. j • 

The delay of the initial release of an agent has primar- delivery device of the present mvenUon, the device 
ily been previously effected by coating the agent or a 40 ^^^S m closed or prepared form pnor to placement m 
formulation containing the agent with a dissolvable or the environment of use. ^ ^ , . 
bioerodible coating layer, such as gelatin or an enteric FIG- ^ shows the device of FIO. 1 m operation after 
coating, which coating layer dissolves or erodes in the placement m the environment of use, showmg the sec- 
environment of use to then make the agent available. o^d expansion means expanded and the first and second 
Delayed mitial release has also been provided by dis- 45 housings of the device separated to allow activation of 
persing the agent in a dissolvable or erodible matrix. the first expansion means to begin delivery of the active 
However, such systems are often unreliable and release agent formulation to the environment, 
cannot be controlled with great accuracy due to the FIG- ^ shows the first housing of the device of HG. 
variability and relatively uncontrollable nature of ero- 1 ^ operation toward the end of its useful life, with the 
sion and dissolution. 50 ^irs* expansion means expanded and a large portion of 
Therefore, there remains a continuing need for im- the active agent formulation delivered to the environ- 
proved methods and systems for providing a delayed ment. 

activation and thus a delayed initial delivery of an ac- FIG. 4 is a cro^-sectional view of another cmbodi- 

tive agent to an environment of use that are reliable and rnent of the delivery device of the present invention, the 

that can be programmed to deliver the agent after a 55 device being in closed or prepared form, 

particular interval with increased accuracy. FIG. 5 is a cross-sectional view of yet another em- 
bodiment of the delivery device of the present inven- 

SUMMARY OF THE INVENTION tion, the device being in closed or prepared form. 

The present invention f^.f ^cted to a fluid-imbibing DETAILED DESCRIPTION OF THE 

dispensing device for the initially delayed delivery of an 60 INVENTION 
active agent to a fluid environment of use, followed by 

continuous delivery of the agent to the environment The present invention provides a device which is 

over a prolonged period of time. The delivery device of useful for the initial delayed delivery of an active agent 

the invention is formed of a first housing and a second formulation to a fluid environment of use, the initial 

housing with an open end, the housings being in re vers- 65 delay period to startup or activation being of a predeter- 

ibly sliding telescoping arrangement with each other, mined length of time. The delivery of the agent formu- 

which device maintains its integrity in the fluid environ- lation from the dispensing device, once begun, is contin- 

ment; an active agent delivery chamber within the first ued over a predetermined prolonged period of time. By 



to illustrate various embodiments of the invention. Like 
numbers refer to like structures. 
FIG. 1 is a cross-sectional view of one embodiment of 
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"prolonged period of time**, as used herein, is meant an layer 24, and the expanding driving force of means 20 is 
extended time period such as for about 1 hour up to conveyed via partition layer 24 against active agent 
about 48 hours. formulation 22. Agent formulation 22 is then immedi- 

The dispensing devices of the invention find use, for aiely begun to be expelled in a controlled and continu- 
cxample. in humans or other animals. The environment 5 ous manner from active agent delivery chamber 16 
of use is a fluid environment and can comprise the stom- through exit port 28 into the environment of use. The 
ach, the intestinal tract, or a body cavity such as the expansion means 20 continues to expand and deliver 
peritoneum or vagina. A single dispensing device or active agent for a prolonged period of time, t^. 
several dispensing devices can be administered to a FIG. 2 shows the dbpcnsing device 1 of FIG. I m 
subject during a therapeutic program. 10 operation at time to after separation of the two housings 

FIG. 1 depicts in cross-sectional view a presently of the device by placement in the fluid environment, 
preferred embodiment of the delivery device according First housing 12 has been separated from second hous- 
to the present invention. The device is shown in closed ing 14 by the expanding driving force of the second 
or prepared form prior to placement in the environment expansion means 30, which has expanded in size as a 
of use. Dispensing device I comprises a first housing 12 15 result of imbibing fluid from the environment. Fluid- 
and a second housing 14. First housing 12 and second passage means 26 is now exposed to the environment so 
housing 14 are in slidably telescoping arrangement with that the device 1 is activated to begin to deliver active 
each other. First housing 12 surrounds and defines an agent 

active agent delivery chamber 16 and contains a first FIG. 3 shows first housing 12 and the active agent 
expansion means 20 and an active agent formulation 22, 20 delivery chamber 16 of dispensing device 1 of FIG. 1 in 
which in a preferred embodiment are separated by a operation toward the end of the prolonged period of 
moveable impermeable partition layer 24 to maintain time tb after most of the active agent has been delivered 
the separate identities of the agent formulation 22 and to the environment. First expansion means 20 has ex- 
the first expansion means 20. First housing 12 also com- panded in size as a result of imbibing fluid through 
prises an exit means or passageway 28 which provides 25 fluid-passage means 26 to push active agent formulation 
communication between the environment of use and 22 through exit port 28. 

that part of active agent delivery chamber 16 containing FIG. 4 illustrates another embodiment of the device 
active agent formulation 22. Adjacent to first expansion of the invention. As illustrated in this figure, dispensing 
means 20, on the side opposite from agent formulation device 2 is similar to dispensing device 1 of FIGS. 1 and 
22, is fluid-passage means 26 for allowing the passage of 30 2, having a first housing 12 with a ridge 34, a second 
fluid from the environment of use into expansion means housing 14, an active agent delivery chamber 16 sur- 
20. rounded and defined by first housing 12, an expansion 

Second housing 14 encompasses an expansion cham- chamber 18 defined by second housing 14, first expan- 
ber 18 and contains a second expansion means 30 and a sion means 20, second expansion means 30, push plate 
moveable impermeable push layer or push plate 32, 35 32, and exit means 28. In dispensing device 2, the active 
push plate 32 being between second expansion means 30 agent formulation is present as a plurality of active 
and the end of first housing 12 that comprises the fluid- agent dosage forms as layers or tablets 36, 38, 40 and 42. 
passage means 26. Although four dosage forms are illustrated, the number 

First housing 12 and second housing 14 at their ends is not critical and any number of dosage forms are in- 
are close in size and they form a friction fit therebe- 40 eluded under the invention. Optionally, layers of a bar- 
tween. The friction generated is sufficient to maintain rier material (not shown) may be placed between the 
the two housings together prior to activation of the agent dosage forms in alternating arrangement to pro- 
second expansion means 30 but not so great as to keep vide a pulsed delivery over a prolonged period of time, 
the two housings from sliding apart once an expanding The exit means or passageway 28 may optionally be 
driving force is exerted. First housing 12 and second 45 closed by an erodible material 44 such as, for example, 
housing 14 can be telescoped completely into a closed microcrystalline wax or gelatin, for protecting the ac- 
and continuous external walled position. The end of tive agent formulation prior to placing in the environ- 
first housing 12 is adapted to fit within second housing ment of use, or there may optionally be present a retain- 
14. The bottom edge of the end of first housing 12 pro- ing structure such as a screen or mesh for retaining the 
vides a platform or ridge 34. Ridge 34 is adapted to 50 dosage forms within the device until they are dispensed 
receive the driving force of second expansion means 30, into the environment. Alternately, a layer of barrier 
via push plate 32. to effect the separation of the two material (not shown) may be present between the first 
housings. active agent dosage form and the environment of use at 

In operation, dispensing device 1 is placed in the fluid the exit means, which barrier layer is pushed out by the 
environment of use and second expansion means 30 55 action of the activated first expansion means. Option- 
begins to imbibe and absorb fluid through second hous- ally, a partition layer (not shown), such as the partition 
ing 14 from the environment. Second expansion means layer 24 of device 1 in FIGS. 1, 2 and 3, may be in- 
30 expands, exerting a driving force via push plate 32 eluded in device 2 between first expansion means 24 and 
against end or ridge 34 of first housing 12 to begin to dosage tablet 42. 

slidably separate first housing 12 from second housing 60 Because first expansion means 20 operates by the 
14. At a point in time ia, first housing 12 and second imbibition of external fluid, the wall of first housing 12 
housing 14 are separated apan from each other by the is preferably comprised of an impermeable material in at 
action of second expansion means 30, via push plate 32, least that portion of the housing that is in contact with 
on first housing ridge 34. In such manner, fluid-passage the first expansion means 20, so that the first expansion 
means 26 is then exposed to the fluid environment, and 65 means is not prematurely activated prior to the prede- 
first expansion means 20 begins to imbibe fluid through termined time t^of separation of the two housings of the 
fluid -passage means 26. As first expansion means 20 device. When an active agent or an active agent dosage 
imbibes fluid, it expands and pushes against panition form is sensitive to fluid from an exterior fluid present in 
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the environment of use, it is preferred that first housing insoluble only during the period of intended use and can 

12 be substantially impermeable in its entirety to the thereafter dissolve away in the environment of use. 

ingress of the external fluid to serve as a means for Thus, a dispenser is here contemplated which is unaf- 

substantially protecting the agent or dosage fonn as fected by its environment solubility-wise, at the situs of 

well as the first expansion means. 3 use or which, alternatively, is only slightly soluble dur- 

Because first expansion means 20 operates by the ing the period of intended use, such that once its active 

imbibition of external fluid, fluid-passage means 26 adja- agent content has been removed it wUl then dissolve or 

cent first expansion means 20 must allow fluid to pass erode away. 

through for activating the expansion means while being The first and second expansion means or expandable 

impermeable to the ingredients of the expansion means. 10 driving means 20 and 30 are nontoxic, nonallcrgenic and 

This may be accomplished by the fluid-passage means . biologically inert Expansion means 20 and 30 may be 

comprising a microporous membrane or a screen or be the same or they may be different. In one presently 

of a composition that is semipenncable, or a combina- preferred embodiment, means 20 and/or 30 comprises 

tion of these. By "semipermeable" is meant that it is an osmopolymer. The osmopolymers interact with 

permeable to fluid but impermeable to other ingredients 15 water and aqueous biological fluids and swell or expand 

contained in the dispensing device. to an equflibrium state. The osmopolymers exhibit the 

FIO. 5 illustrates an embodiment where the fluid-pas- ability to swell in fluid and to retain a significant portion 
sage means comprises a screen in combination with a of the imbibed and absorbed fluid within the polymer 
semipermeable membrane. Device 3 of FIG. 5 has a first structure. The expansion means 20 and/or 30 in another 
housing 12, a second bousing 14, an active agent deliv- 20 preferred embodiment comprises an osmagent. The 
ery chamber 16, an expansion chamber 18, a first expan- osmagents are known also as osmotically effective sol- 
sion means 20, active agent formulation 22, a partition utes and they are also known as osmotically effective 
layer 24, a second expansion means 30, a push plate 32 compounds. The osmagents that can be used for the 
and ridge 34. In device 3, the fluid-passage means com- purpose of this invention include inorganic and organic 
prises a screen 46 together with a semipermeable niem- 25 compounds that exhibit an osmotic pressure gradient 
brane AS. Screen 46 in this embodiment is molded or across a semipermeable, i.e. a fluid-permeable, wall, 
otherwise formed as a continuous portion of first hous- The expansion means 20 and/or 30 in yet another pre- 
ing 12. The screen 46 has openings or pores of such a ferred embodiment comprises an osmagent dispersed 
size that components of first expansion means 20 could within an osmopolymer. The expansion means can com- 
pass out into the environment of use, in addition to fluid 30 prise a tablet or a layer, or a plurality of tablets or lay- 
passing into the expansion means. Thus, a semiperme- ers, and be placed into position in the device or it can be 
able membrane 48 is positioned between screen 46 and pressed into the appropriate wall section. The osmagent 
first expansion means 20 to maintain the components of or osmopolymer can be in any suitable form such as 
first expansion means 20 within device 3 while allowing particles, crystals, pellets, granules, and the like, when 
fluid from the environment to pass through to means 20 35 pressed into a tablet layer and into the wall section, 
via screen 46. In an optional embodiment of device 3, Osmajgents and osmopolymers are known to the art and 
the push plate 32 is not present, since the continuous are described in, for example, U.S. Pat. Nos, 3,865,108, 
nature of the screen portion 46 of the housing 12 with 4,002,173, 4,207,893, 4,327,725 and 4,612,008. 
the housing will, in certain embodiments, provide ade- Partition layer 24 and push plate 32, in a presently 
quale support for the expanding driving force of the 40 preferred embodiment, each comprises a composition 
second expansion means 30. The end of first housing 12 that is substantially impermeable to the passage of fluid, 
opposite screen 46 and semipermeable membrane 48 is and they serve to restrict the passage of fluid present in 
closed by a cap 50 having exit means or passageway 28 the expansion means into other areas of the first or 
therethrough for enclosing the active agent delivery second housings. They operate to essentially maintain 
chamber 16. Cap 50 may be either semipermeable or 45 the integrity of the active agent formulation 22 or the 
impermeable, depending on the nature of the active fluid-passage means 26 and the expansion means layers, 
agent formulation 22. Alternatively, exit means 28 may Additionally, and importantly, push plate 32 acts to 
be of a large size such as that shown in FIG. 4, and insure that the expanding driving force generated by the 
optionally may be closed by an erodible material, by a second expansion means 30 is applied directly against 
barrier layer, or by a retaining structure such as a screen 50 first housing 12 to effect the separation of the first and 
or mesh. second housings. Thus, push plate 32 niust be of suffi- 

Because second expansion means 30 also operates by cient strength, thickness and rigidity to transfer the 

the imbibition of external fluid, the wall of second hous- driving force against first housing 12. 

ing 14 in at least a portion that is adjacent to second Representative impermeable materials useful as a 

expansion means 30 must be semipermeable. 55 partition layer 24 or push plate 32 are known to the art 

The walls of housings 12 and 14 optionally comprise in, for example, U.S. Pat. No. 4,874,388. 

additional ingredients such as, for example, a plasticizer. The term **active agent formulation", as used herein, 

Impermeable and semipermeable compositions suitable comprises the active agent to be delivei*ed, as a liquid, 

for use in housings 12 and 14, as well as suitable addi- solid, semisolid or thermosensitive composition, gener- 

tives, are known in the art, examples of which are dis- 60 ally in a carrier substance and with or without addi- 

closed in U.S. Pat. No. 4,874.388, the entire disclosure tional inert ingredients. The term may additionally in- 

of which is incorporated herein by reference. dude dosage forms comprising the active agent which 

The delivery device of the present invention is non- are capable of maintaining their physical configuration 

toxic, biologically inert, nonallcrgenic and nonirritating and chemical integrity while housed within the dts- 

to body tissue, and it maintains its physical and chemical 65 pcnser. These include, without limitation, tablets with 

integrity; that is, the device does not erode or degrade or without a density element; matrix tablets; spheres; 

in the environment of use during the dispensing period. pellets and elongated tablets; capsules; elementary os- 

It is within the scope of the invention that the device be motic pumps, such as those described in U.S. Pat. No. 
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3,845 J70; mini-osmotic pumps, such as those described localized or systemic effect or effects in animals, includ- 

in U.S. Pat. Nos. 3,995,631, 4.034,756 and 4,1 11,202; and ing wann blooded mammals, humans and primates; 

multichamber osmotic systems referred to as push-pull avians; domestic household or farm animals such as 

and push-melt osmotic pumps, such as those described cats, dogs, sheep, goats, cattle, horses and pigs; labora- 

in U.S. Pat. Nos. 4,320.759 and 4,449.983; all the above 5 tory animals such as mice, rats and guinea pigs; fish; 

patents of which are incorporated herein by reference. reptiles; loo and wild animals; and the like. The active 

The pharmaceutically acceptable carrier useful drug that can be delivered includes inorganic and or- 
herein may comprise more than one ingredient, such as, ganic compounds, including, without limitation, drugs 
for example, a buffer, a viscosity regulating vehicle, a which act on the peripheral nerves, adrenergic recep- 
surfactant, dyes, a permeation enhancer, proteinase 10 tors, cholinergic receptors, the skeletal muscles, the 
inhibitors, or other formulation ingredients and addi- cardiovascular system, smooth muscles, the blood cir- 
tives. as are known in the art. The carrier may contain culatory system, synoptic sites, neuroeffector junctional 
more than one active agent. The active agent formula- sites, endocrine and hormone systems, the immunologi- 
tion can erode or disintegrate and can be in the form of cal system, the reproductive system, the skeletal system, 
a wax formulation, solid core or tablet, for example. 15 autocoid systems, the alimentary and excretory systems. 
The formulation can immediately dissolve upon expo- the histamine system and the central nervous system, 
sure to fluid or it may erode slowly with or without the Suitable agents may be selected from, for example, pro- 
presence of excipients for controlling erosion. teins, enzymes, hormones, polynucleotides, nucleopro- 

The active agent formulation can be designed in a teins, polysaccharides, glycoproteins, M. lipoproteins, 
multitude of ways to provide a specific drug delivery 20 polypeptides, steroids, hypnotics and sedatives, psychic 
profile. One embodiment may comprise a formulation energizcrs, tranquilizers, anticonvulsants, muscle relax- 
that contains a biologically acceptable solid surfactant ants, antiparkinson agents, analgesics, antiinflammato- 
which is capable of slow dispersion in the environmen- ries, local anesthetics, muscle contractants. antimicrobi- 
tal fluid. In another embodiment, the formulation may als, antimalarials, hormonal agents including contracep- 
contain a fluid-insoluble wax and a surfactant so that the 23 tives, sympathomimetrics, polypeptides and proteins 
formulation is susceptable to erosion in the environ- capable of eliciting physiological effects, diuretics, lipid 
ment. In still another embodiment, the formulation may regulating agents, antiandrogenic agents, antiparasitics, 
be effervescent and provide drug delivery in a finely neoplastics, antineoplastics, hypoglycemics, nutritional 
dispersed form. This is accomplished by the addition of agents and supplements, growth supplements, fats, oph- 
a solid basic compound capable of evolving carbon 30 thalmics, antientcritis agents, electrolytes and diagnos- 
dioxide in the presence of an acid in the environment of tic agents. 

use. Suitable basic compounds are disclosed in U.S. Pat. Examples of beneficial agents which this invention 

No. 4,265,874. In a further embodiment, the formulation can be utilized with are prochlorperazine edisylate, 

may include an osmotic agent or solute, such as those ferrous sulfate, aminocaproic acid, mecaxylamine hy- 

described above with reference to the expansion means, 35 drochloride, procainamide hydrochloride, ampheta- 

so that when the formulation comes into contact with mine sulfate, methamphetamine hydrochloride, benz- 

the environmental fluid, it immediately dissolves. In yet phetamine hydrochloride, isoproteronol sulfate, phen- 

another embodiment, the agent formulation can be com- metrazine hydrochloride, bethanechol chloride, metha- 

prised of an agent and a thermoresponsive composition. choline chloride, pilocarpine hydrochloride, atropine 

In this manner, the formulation would exhibit solid-like 40 sulfate, scopolamine bromide, isopropamide iodide, 

propenies at room temperature of 21* C. and within a tridihexethyl chloride, phenformin hydrochloride, 

few degrees Celsius thereof, and would have a melting methylphenidate hydrochloride, theophylline choli- 

point that approximates mammalian body temperatures nate, cephalexin hydrochloride, diphenidol, meclizine 

of 37" C. and within a few degrees Celsius thereof The hydrochloride, prochlorperazine maleate. phenoxyben- 

tenn "thermoresponsive" as used herein in a preferred 45 zamine, thiethylperazine maleate, anisindone, diphena- 

embodiment denotes the physical-chemical property of dione erythrityl tetranitrate, digoxin, isoflurophate, 

an agent carrier composition to exhibit solid, or solid- acetazolamide, methazolamide, bcndroflumcthiazidc. 

like properties at temperatures up to 3 r C. and become chlorpropamide, tolazamide, chlormadinone acetate, 

fluid, semi-solid or viscous when disturbed by heat at phenaglycodol, allopurinol, aluminum aspirin, mctho^ 

temperatures from 31* C, usually in the range of 31" C. 50 trexate, acetyl sulfisoxazole, erythromycin, hydrocorti- 

to 45* C. Suitable materials useful as active agent carri- sbne. hydrocorticosterone acetate, cortisone acetate, 

crs and excipients are known in the art and are disclosed dexamethasone and its derivatives such as betametha- 

in U.S. Pat Nos. 4,595.583 and 4.874,388, for example. sone, triamcinolone, methyltestosterone, 17-^-estradiol, 

The terms "active agent*' and "drug" are used inter- ethinyl estradiol, ethinyl estradiol 3-methyl ether, ped- 

changeably herein and refer to an agent, drug, com- 55 nisolone, 17-i8-hydroxyprogesterone acetate. 19-nor- 

pound. composition of matter or mixture thereof which progesterone, norgestrel, norethindrone, norethister- 

provides some therapeutic, often beneficial, effect. This one, norcthiederone, progesterone, norgesterone. nore- 

includes pesticides, herbicides, germicides, biocides, thynodrel, aspirin, indomethacin, naproxen, fenoprofen, 

algicides, rodenticides, fungicides, insecticides, antioxi- sulindac, indoprofen, nitroglycerin, isosorbide diniirate, 

dants. plant growth promoters, plant growth inhibitors. 60 propranolol, timolol, atenolol, alprenolol, cimetidine, 

preservatives, antipreservatives, disinfectants, steriliza- clonidine. imipramine, levodopa, chlorpromazine, 

tion agents, catalysts, chemical reactants. fermentation methyldopa. dihydroxyphenylalanine, theophylline, 

agents, foods, food supplements, nutrients, cosmetics. calcium gluconate, ketoprofen. ibuprofen. cephalexin, 

drugs, vitamins, sex sterilants, fertility inhibitors, fertil- erythromycin, haloperidol, zomepirac, ferrous lactate, 

ity promoters, microorganism attenuators and other 65 vincamine. diazepam, phenoxybenzamine, diltiazem, 

agents that benefit the environment of use. As used mihinone, captropril. mandol, quanbenz, hydrochloro- 

herein. the terms further include any physiologically or thiazide, ranitidine, flurbiprofen, fenbufen, fluprofen, 

pharmacologically active substance that produces a tolmctin. alclofenac. mcfenamic, flufenamic, difuninal, 
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nimodipinc, nitrendipine, nisoldipinie, nicardipine, only a small amount of force will induce breakage in the 
felodipine, lidoflazine, tiapamil, gallopamil, amlodipine, wall, yielding a passageway through the wall from 
mioflazine, lisinopril, cnalapril, captopril, ramipril, agent delivery chamber 16 to the outside of the device, 
enalaprilat, famotidine, nizatidine, sucralfate, etintidine, A passageway or a plurality of passageways can be 
tetratolol, minoxidil, chlordiazepoxide, diazepam, ami- S formed by leaching a material such as sorbitol, lactose 
triptylin, and imipramine. Further examples are proteins and like water-soluble solids from the wall. A passage- 
and peptides which include, but are not limited to, insu- way or passageways can be formed by the discharge, as 
lin, colchicine, glucagon, thyroid stimulating hormone, a result of the pressure created by the expandable driv- 
parathyroid and pituitary hormones, calcitonin, renin, ing means for example, of a material such as a wax. The 
prolactin, corticotrophin, thyrotropic hoembne, follicle 10 exit means or passageway can have any shape such as 
stimulating hormone, chorionic gonadotropin; gonado- round, triangular, square, elliptical, and the like, for 
tropin releasing hormone, bovine somatotropin, porcine assisting in the metered release of active agent from the 
somatropin, oxytocin, vasopressin, prolactin, somato- delivery device. The delivery device can be con- 
statin, lypressin, pancreozymin, luteinizing hormone, structed with one or more passageways in spaced-apart 
LHRH, interferons, interieukihs, growth hormones 15 relations or more than a single surface of a dosage form, 
such as human growth hormone, bovine growth hor- Passageways and equipment for forming passageways 
mone and porcine growth hormone, fertQity inhibitors disclosed in U.S. Pat, Nos. 3,845,770; 3.916,899; 
such as the prostaglandins, fertility promoters, growth 4,063,064; and 4,088,864. Passageways formed by leach- 
factors, and human pancreas hormone releasing factor, ijjg disclosed in U.S. Pat. Nos. 4,200,098 and 

It is to be understood that more than one active agent 20 ^ 285,987. 

may be incorporated into the active agent formulation * jj^g ^^jgy p^or to separation of the two 

in a device of this invention, and that the use of the term housings of the dispensing device and the total dchvery 

"agent" or "drug" in no way excludes the use of two or ^^^^^^ ^g^^^ formulation can be controlled 

more such agents or drugs. by a number of means to provide a sharp start-up of 

The agents can be m various forms, such as un- 25 ^^^^^^^^ ^ particular time with high accuracy. For 

charged molecules, components of molecular com- ^ t^e rate of fluid imbibition into each of the 

plexes or nonirritatmg, pharmacologically acceptable ^ ^i^n j^eans, and thus the rate of expansion of the 

salts. Also, simple derivatives of the agents (such as ^ controlled by the particular choice of 

ethers esters, amides, etc.) which are easily hydrolyzed membrane or microporous screen. The 

by body pH, enzymes, etc., can be employed 30 ^^ ^^^^^ expansion-means can also be 

The amount of acUvc "^/"^P^^^^^^^^^ controlled by the choice of composition of the expan- 

device will be that ^'Jf'^Z^^^^ sion means. The distance of overlap between the tele- 

peutically effective amount of the ^fJ^V^to ^^^^^^^^ .^oping portions of the first and second housings can 

desired result at the site ^^<^^^'\f^:^^^^^ detenninVthe period of time required for the two hous- 

vary widely depcndmg upon P^^^^^^^^^S^"^ Uig^ to separat^Combinations of such control means 

site of delivery, the seventy ot^^ If ^^.fnltic^^^^^ mfy be used. Such control means are known in the art 

desired therapeutic effect Thus. /^^^ "^^^ .P/^^^^^^^^ and can be determined without undue experimentation, 

define a panicular range for the therapeutically efTec- ^ the present invention can be 

tive amount of active agent mcorporated mto the de- ^ ^^^^^ mLufacturing techniques. 

""'m used herein, the terms "therapeutically effective" For example, in P^*^^^^^^^^^^^^ t'J'lll^^ 

amount or rate refer to the amoum or rate of the active f mvention first <^^^^^^ 

agent needed to effect the desired therapeutic, often ^^^^^l^ ^^1^^^^P> f^^^ ^ 'p^hI^^^I^^^^^^ 

beneficial result truded to the desired shape. Possible semipermeable 

The te^ms "exit means" and "exit passageway", as 45 materials from which the ^f-^"^ h^^^^^ 

used herein, comprise means and methods suitable for prepared mclude for example^Hytrel ® P^^y^^^^^^^; 

the metered release of the active agent formulation from tomers (Du Pont), cellulose esters, water f^i^j^^^^^^^ 

agent delivery chamber 16 of the delivery device of the ethylene-vinyl acetate copolymers, semipermeable 

present invention. The exit means 28 includes at least membranes made by blendmg a ngid polymer with 

one passageway, orifice, or the like, through first hous- 50 water-soluble low molecular weight compounds, and 

ing 12 for communicating with agent delivery chamber other semipenneable matenals known to the art, . Im- 

16 The expression "at least one passageway" includes permeable matenals from which the fu^t housing 12 

aperture, orifice, bore, pore, porous element through may be prepared include, for example, polyethylene, 

which the agent can migrate, hollow fiber, capillary polystyrene, ethylene-vinyl acetate copolymers. Hy- 

tube, porous overlay, porous insert, and the like. The 55 trel ® polyester elastomers (Du Pont) and other impcr- 

expression also includes material that is discharged, meable materials known to the art. Alternatively, the 

erodes or is leached from the wall of the first housing in two portions of a hard gelatin capsule may be coated, 

the fluid environment of use to produce at least one one with an impenneable matenal and the other with a 

passageway in the delivery device. Representative ma- semipermeable material such as cellulose ester-based 

terials suitable for forming at least one passageway, or a 60 polymer mixtures. In a presently preferred embodiment, 

multiplicity of passageways, include an credible poly(- the assembled device in closed configuration is about 

glycolic) acid or poly(lactic) acid member in the wall; a the size and dimensions of a size "0" to size "00" hard 

gelatinous filament; poly(vinyl alcohol); leachable ma- gelatin capsule. The exit means 28 may be formed dur- 

terials such as fluid-removable pore-forming polysac- ing the molding process or may be drilled after the 

charides, salts, or oxides; erodable or dischargable ma- 65 vessel portion has been made. 

terials such as natural and synthetic waxes; and the like. . A "first bilayer osmotic plug" composed of imperme- 

The expression includes structural characteristics that able partition layer 24 and first osmotic layer or expan- 

concentrate stress at a precise point in the wall so that sion means 20 is prepared in a shape that will fit within 
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vessel 12. The two layers are compressed into a tablet above) is then placed over the screen end of the vessel, 
on a rotary bilaycr Ublct press. The first bilayer osmotic plug (as above) is inserted, 

A "second bDayer osmotic plug" composed of second expansion means layer first, through the open or drug 
osmotic layer or expansion means 30 and impermeable delivery end of the vessel 12 and is placed flush with the 
push plate 32 is prepared in a shape that will fit within 5 semipermeable membrane 48. The remainder of the 
cap 14. The osmotic plug is compressed on a bilayer vessel portion is then filled with active agent, typically 
rotary tablet press. in the form of one or more active agent tablets. The 

The device can be assembled by first placing a soluble active agent tableu may optionally be separated by 
seal or a hard gelatin cap over exit means 28 in vessel 12. non-active agent-containing layers or tablets to provide 
Active agent formulation 22 is then placed in the vessel 10 a pulsed delivery of agent to the environment of use. 
. at its end opposite the exit means, which end is initially The active agent may alternatively be a fluid, solid, 
open; the formulation may be in the form of a liquid, semi-solid or thermoresponsive material. After all agent 
solid, semisolid, powder or shaped tablet or tablets, for formulation has been placed in the vessel, a cap 50 is 
example. The first bilayer osmotic plug is then inserted placed over the open end. Exit means 28 may be formed 
on top of the agent formulation with the partition layer 15 when cap 50 is molded or otherwise made, or exit means 
portion of the plug next to the agent fill, taking care that 28 may be formed later by drilling, for example. Alter- 
the least possible air gap exists between the agent fill natively, it may be desirable, based on the content and- 
and the first bilayer osmotic plug. Huid-passage means /or form of the drug formulation or the intended release 
26 is then placed in vessel 12 in such manner that the profile, to have no cap at all on the device, or to have a 
final position of the passage means 26 is against the 20 cap that dissolves or erodes after placement in the fluid 
expansion means portion of the first osmotic plug and environment, or to place a screen or other permeable 
also is flush with the open end of the vessel. The fluid- retaining means over the open end of the vessel, 
passage means may be fixed into place (by adhesive The following examples are illustrative of the present 
bonding, ultrasound welding or mechanical fitting, for invention. They are not to be construed as a limitation 
exaniple). The second bilaycr osmotic plug is placed 23 ofthescopeof the invention. Variations and equivalents 
within the cap 14 and the cap assembly is placed over of these examples will be apparent to one skilled in the 
the end of the filled vessel 14 so that push plate 32 is art in light of the present disclosure, the drawings and 
adjacent to fluid-passage means 26, to give a device as the claims herein, 
illustrated in FIG. 1. In an alternative assembly method, 

the device may be assembled as described above, but 30 EXAMPLE 1 

without addition of the active agent formulation. After A delivery device according to the present invention 

assembly is completed, the device is oriented with the is prepared as follows. 

cap portion downwards and liquid or molten agent The first osmotic engine portion of the device is a 
formulation is placed in the vessel portion through on- compressed bilayer tablet composed of 200 mg of a 
fice 28. After filling, the open orifice may be sealed, if 35 polymeric osmotic formulation (first expansion means) 
desired. and a 50 mg wax-based partition layer. 

When the device of the invention has the configura- The polymeric osmotic formulation has a composi- 
tion of FIG. 4. it may be prepared by molding or extrud- tion of 59.5 wt % polyethylene oxide (Polyox ® 303, 
ing a first housing or vessel 12 with two initially open Union Carbine). 29 wt % sodium chloride, 5 wt % 
ends. The fluid-passage means 26 is fitted flush to one 40 polyacrylic acid (Carbomer ® 934P, B.F. Goodrich), 5 
endofthe vessel cylinder and fixed within the cylinder wt % hydroxypropylmethylcellulose E-5 (Aqualon) 
(by adhesive bonding, ultrasound welding, or mechani- and 1 wt % ferric oxide. During preparation, each of 
cal fitting, for example). The semipermeable second the above components is screened through a 40 mesh 
housing or cap 14 containing the second bilayer osmotic screen, and the sized components are added to a mixing 
tablet (prepared as described above) is then placed over 45 vessel in the appropriate porportions. The dry compo- 
the passage means-containing end of the vessel. The nents are mixed thoroughly for 10 minutes; then, etha- 
first bilayer osmotic plug (as above) is inserted, cxpan- nol is slowly added while mixing until a wet mass has 
sion means layer first, through the other or drug deliv- formed. The wet mass is then screened through a 20 
ery end of the vessel 12 and is placed flush with the mesh screen, and the wet granules are allowed to air dry 
fluid-passage means 26. The remainder of the vessel 50 for 18 hours. After drying, the granules arc passed once 
portion is then filled with active agent, typically in the more through a 20 mesh screen. Magnesium stearate 
form of one or more active agent tablets. The active (0.5 wt %) is then added to the granulation and the 
agent Ublets may optionally be separated by non-active granulation is mixed thoroughly for 5 min. 
agent-containing layers or tablets to provide a pulsed The partition layer has a composition of 95 wt % 
delivery of agent to the environment of use. After all 55 microcrystalline wax (MF-2JH Durawax®, Astor 
agent formulation has been placed in the vessel, a cap Wax Corp.) and 5 wt % gelatin (Type A, 250-300 
44, screen or other covering may be placed over the bloom, Knox Gelatin). During preparation, each corn- 
open end, if desired. ponent is screened through a 40 mesh screen before 

When the device of the invention has the configura- being added in the correct weight ratio to a mixing 
tion of FIG. 5. it may be prepared by molding or extrud- 60 vessel. The dry materials are then mixed thoroughly for 
ing a first housing or vessel 12 in the shape of a cup 10 minutes, after which purified water is slowly added 
where the base of the cup has pores or other openings to the mixture while stirring is continued. After a wet 
formed therein for the passage of fluid. This forms the mass has formed, the mixture is passed through a 20 
screen portion 46 of the fluid-passage means. A semiper- mesh screen, and the granules are oven-dried at 40' C. 
meable membrane 48 is then placed within the vessel 12 65 for 24 hours. After the granules have dried, they are 
so that it is adjacent to the cup bottom or screen 46. The * rescrcened through a 20 mesh screen, 
semipermeable second housing or cap 14 containing the The osmotic formulation (200 mg) for the engine and 
second bilayer osmotic tablet (prepared as described the wax formulation (50 mg) for the partition layer are 
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compressed together in a rotary press into a cylindrical are compressed together until cap, second osmotic bi- 

bilayer tablet with both the osmotic engine face and the layer tablet and vessel fit together tightly. When the 

partition face of the tablet being flat. Tabletting is con- delivery device is placed in an environment at 37* C. 

ducted to produce a clean, distinct interface between (e.g.,thebody temperature ofa human), the wax sealing 

the two byers. 5 the exit orifice is melted away to allow delivery of 

The second osmotic engine portion of the device is a active agent 

compressed bilayer tablet composed of a 50 mg wax- EXANfPLE 1 

based push plate and 150 mg of a polymeric osmotic fcAAJVU'L.ii 2 

formulation (second expansion means). The composi- Another embodiment of a delivery device according 

tion of the second osmotic formulation is the same as or 10 to the present invention is prepared as follows, 

can be different from that for the first osmotic formula- . A first osmotic engine portion is prepared as de- 

tion above, and the composition of the push plate is the scribed in Example 1. 

same as that for the partition layer above. The osmotic A second osmotic engine portion is prepared substan- 
formulation (150 mg) and the wax push plate formula- tially as described in Example 1, except that the second 
tion (50 mg) are compressed in a rotary press into a 15 osmotic portion does not include a push plate but com- 
. cylindrical bilayer tablet. The osmotic face of the tablet prises only 150 mg of the polymeric osmotic formula- 
is convex, to conform to the shape of the device, while tion pressed into a monolayer tablet having a convex 
the push plate face of the tablet is flat. Tabletting was face and a flat face. 

conducted to produce a clean, distinct interface be- The vessel portion (first housing) of the device, com- 

tween the two layers. 20 posed of lo polyethylene, is extruded following the 

The vessel portion (first housing) of the device, with procedures of Example 1 into a mold. The resulting 

one closed and one open end, is composed of polyethyl- vessel has one open and one closed end, the closed end 

ene and is prepared by placing the polyethylene in an being flat and having a plurality of openings molded 

extruder with a barrel temperature of 130* C and ex- into it to form the screen portion of the fluid-passage 

truding the material into a mold for the vessel. The 25 means. 

polyethylene is allowed to cool in the mold, after which The semipermeable membrane portion of the fluid- 

the fmished vessel is removed. An exit orifice is drilled passage means is formed as a semipermeable membrane 

through the closed end of the vessel. and is composed of the same polymeric material as the 

To prepare the cap portion (second housing) of the first cap portion, below. After heating, the polymeric 

device, 70 v^^ % cellulose acetate 320 and 30 wt % 30 mixture is extruded as a sheet and, after cooling of the 

polypropylene glycol are thoroughly mixed together sheet, a circle or disk having the same diameter as the 

and the mixture is added to the hopper of a screw ex- inside diameter of the vessel portion at its closed end is 

truder. The polymeric mixture is heated at 127" C. as it punched out of the sheet to make the semipermeable 

is extruded through the heated barrel of the extruder membrane disk. 

and is extruded into a mold for the cap. The polymer 35 The first cap portion (second housing) of the device is 

mixture is allowed to cool after injection into the mold, prepared by melt-blending together 60 wt % ethylene 

after which the cap is removed. vinyl acetate (with 9% vinyl acetate content) and 40 wt 

The fluid-passage means is formed as a screen with % polyvinyl pyrrolidone at 1 10* C. and injection-mold- 
fine openings and is composed of the same polymeric ing or extruding the mixture into a mold for the cap. 
material as the vessel portion. After heating, the poly- 40 The polymer mixture is allowed to cool after injection, 
ethylene is molded into a disk shape (with an outside after which the cap is removed from the mold, 
diameter equal to the inside diameter of the vessel at its The second cap portion is made by extruding ethyl- 
open end) with fine openings extending through it. ene vinyl acetate (9% vinyl acetate content) into a mold 
Alternatively, the fluid-passage means is formed as a for a cap to fit over the open end of the vessel portion, 
macroporous plug made by sintering together poly- 45 After the fmished second cap is removed from the 
meric particles of high density polyethylene or polypro- mold, an exit orifice is drilled through the cap. 
pylene (marketed as Porex ®), the plug having an out- To assemble the delivery device, the semipermeable 
side diameter equal to the inside diameter of the vessel membrane disk is placed into the vessel through its open 
at its open end. end and situated against its closed end. The first osmotic 

To assemble the delivery device, a first osmotic en- 50 engine bilayer tablet is placed into the vessel, with the 

gine bilayer tablet is placed into the vessel, with the osmotic layer portion of the tablet in contact with the 

partition layer portion of the Ublet facing into the ves- semipermeable membrane. The desired active agent 

sel. A fluid-passage screen or plug is then placed into formulation is then placed into the vessel by manual or 

the vessel, flush with the bilayer tablet and also flush automated fill mechanisms. The vessel is then closed by 

with the open end of the vessel. The screen or plug is 55 placing the second cap with the exit orifice over the 

secured in place by ultrasound welding. The vessel is open end of the vessel. The cap is secured in place by 

then turned over and the desired active agent formula- adhesive seal. Next, the second osmotic engine mono- 

tion is placed into the vessel through the exit orifice by layer tablet is placed into a completed first cap, with the 

manual or automated fill mechanisms. The exit orifice is convex face of the tablet pointed into the closed end of 

then sealed with a wax having a melting point of about 60 the cap. The flat, screen end of the vessel is fitted inside 

34* C, by dipping the exit end of the vessel in the the open end of the first cap. and the two pieces are 

melted wax and allowing it to cool for about 20 seconds, compressed together until cap, second osmotic layer 

after which the excess wax is wiped off. Next, a second and vessel fit together tightly, 

osmotic engine bilayer tablet is placed into a completed EXAMPLE 3 
cap, with the convex osmotic layer pointed into the 65 

closed end of the cap and the push plate exposed toward A further embodiment of the delivery device of the 

the cap opening. The open end of the filled vessel is present invention is prepared following the procedures 

fitted inside the open end of the cap, and the two pieces of Example 2,. except that the second cap portion is 
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comprised of gelatin, which will erode when placed in 
a fluid environment. No exit orifice is drilled in this 
second cap. The active agent formulation is comprised 
of a plurality of individual tablets which are placed 
longitudinally within the vessel portion. The active 5 
agent tablets are separated by non-active agent<ontain- 
tng layers having the same composition as the partition 
layer. 

The above description has been given for ease of 
understanding only. No unnecessary limitations should 
be understood therefrom, as modifications will be obvi- 
ous to those skilled in the art. 

What is claimed is: 

1. A fluid-imbibing delivery device for dispensing an 
active agent to a fluid environment of use over a prede- 
termined prolonged period of time of from about 1 hour 
to about 48 hours after an initial, preset delayed startup 
of delivery, which device maintains its integrity in the 
fluid environment, wherein the device comprises: 

(a) a first housing and a second housing, the first and 
second housings being in reversibly sliding tele- 
scoping arrangement with each other, the first 
housing being impermeable in at least a portion and 
having an end adapted to fit within the second 
housing and the second housing being semiperme- 
able in at least a portion; 

(b) an active agent delivery chamber within the first 
housing comprising 

(i) at least one active agent formulation, 

(ii) a first fluid-activated expansion means selected 
from osmagents, osmopolymers or mixtures of 
osmagents with osmopolymers for expelling the 
active agent formulation from the dehvery de- 
vice. 35 

(iii) an exit means, and 

(iv) a fluid-passage means selected from the group 
consisting of a screen, a microporous membrane, 
a semipermeable composition and combinations 
of these; and 4q 

(c) an expansion chamber within the second housing, 
the expansion chamber comprising 

(i) a second fluid-activated expansion means se- 
lected from osmagents, osmopolymers or mix- 
tures of osmagents with osmopolymers for sepa- 45 
rating apart the flrst and second housings, and 

(ii) a push plate adjacent the telescoping end of the • 
first housing. 

2. A delivery device according to claim 1 which 
further comprises a partition layer between the active so 
agent formulation and the first expansion means. 

3. A delivery device according to claim 1 wherein the 
first housing is comprised of an impermeable material 
and the second housing is comprised of a semipermeable 
material. 55 

4. A delivery device according to claim 1 wherein the 
active agent formulation is a liquid, a solid, a semi-solid, 
a thermoresponsive composition or a plurality of dos- 
age forms. 

5. A method for delivering an active agent to a fluid 60 
environment of use for a predetermined prolonged per- 
iod of time of from about 1 hour to about 48 hours after 
an initial delayed startup of delivery, the method com- 
prising: 

(1) placing a fluid-imbibing delivery device into the 65 
fluid environment, which device maintains its in- 
tegrity in the fluid environment, wherein the deliv- 
ery device comprises: 



(a) a first housing and a second housing, the first 
and second housings being in reversibly sliding 
telescoping arrangement with each other, the 
first housing being impermeable in at least a 
portion and having an end adapted to fit within 
the second housing and the second housing being 
semipermeable in at least a portion; 

(b) an active agent delivery chamber within the 
first housing comprising 

(i) at least one active agent formulation, 

(ii) a first fluid-activated expansion means se- 
lected from osmagents, osmopolymers or mix- 
tures of osmagents with osmopolymers for 
expelling the active agent formulation from 
the delivery device, 

(iii) an exit means, and 

(iv) a fluid-passage means selected from the 
group consisting of a screen, a microporous 
membrane, a semipermeable composition and 
combinations of these; and 

(c) an expansion chamber within the second hous- 
ing, the expansion chamber comprising 

(i) a second fluid-activated expansion means se- 
lected from osmagents, osmopolymers or mix- 
tures of osmagents with osmopolymers for 
separating apart the first and second housings, 
and 

(ii) a push plate adjacent the telescoping end of 
the first housing; 

(2) allowing fluid to be imbibed through at least a 
portion of the second housing of the delivery de- 
vice for causing the second expansion means to 
expand and exert pressure on the slidably con- 
nected first and second housings to push apart and 
separate the two housings to expose the fluid-pas- 
sage means to the environment; and 

(3) allowing fluid to be imbibed through the fluid-pas- 
sage means for causing the furst expansion means to 
expand to push the active agent formulation from 
the delivery device. 

6. A method according to claim 5 wherein the deliv- 
ery device further comprises a partition layer between 
the active agent formulation and the first expansion 
means. 

7. A method according to claim 5 wherein the first 
housing is comprised of an impermeable material and 
the second housing is comprised of a semipermeable 
composition. 

8. A method according to claim 5 wherein the active 
agent formulation is a liquid, a solid, a semisolid, a ther- 
moresponsive composition or a plurality of dosage 
forms. 

9. A fluid-imbibing delivery device for dispensing an 
active agent in a pulsatile manner to a fluid environment 
of use over a predetermined prolonged period of time of 
from about 1 hour to about 48 hours after an initial, 
preset delayed startup of delivery, which device main- 
tains its integrity in the fluid environment, wherein the 
device comprises: 

(a) a first housing and a second housing, the first and 
second housings being in reversibly sUding tele- 
scoping arrangement with each other, the first 
housing being impermeable in at least a portion and 
having an end adapted to fit within the second 
housing and the second housing being semiperme- 
able in at least a portion; 

(b) an active agent delivery chamber within the first 
housing comprising 
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(i) a plurality of active agent layers containing at 
least one active agent longitudinally disposed 
with the active agent delivery chamber, the ac- 
tive agent layers being separated by non-active 
agent-containing layers, 

(ii) a first fluid-activated expansion means selected 
from osmagents, bsmopolymers or . mixtures of 
osmagents with osmopolymers for expelling the 
active agent layers from the delivery device, 

(iii) an exit means, and 

(iv) a fluid-passage means selected from the group 
consisting of a screen, a microporous membrane, 
a semipermeable composition and combinations 
of these; and 

(c) an expansion chamber within the second housing, IS 
the expansion chamber comprising 

(i) a second fluid-activated expansion means se- 
lected from osmagents, osmopolymers of mix- 
tures of osmagents with osmopolymers for sepa- 
rating apart the first and second housings, and 

(ii) a push plate adjacent the telescoping end of the 
first housing. 

10. A delivery device according to claim 9 which 
further comprises a partition layer between the active 
agent layers and the first expansion means. 

11. A delivery device according to claim 9 wherein 
the exit means is closed by an erodible material. 

12. A delivery device according to claim 9 which 
further comprises a retaining structure across the exit 
means. 

13. A method for delivering an active agent in a pul- 
satile manner to a fluid environment for use for a prede- 
termined prolonged period of time of from about I hour 
to about 48 hours after an initial delayed startup of 
delivery, the method comprising: 

(1) placing a fluid-imbibing delivery device into the 
fluid environment, which device maintains its in- 
tegrity in the fluid environment, wherein the deliv- 
ery device comprises: 

(a) a first housing and a second housing, the first 40 
and second housings being in rcversibly sliding 
telescoping arrangement with each other, the 
first housing being impermeable in at least a 
portion and having an end adapted to fit within 
the second housing and the second housing being 45 
semipermeable in at least a portion; 
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(b) an active agent delivery chamber within the 
first housing comprising 

(i) a plurality of active agent layers containing at 
least one active agent longitudinally disposed 
with the active agent delivery chamber, the 
active agent layers being separated by non- 
active agent-containing layers, 

(ii) a fu:st fluid-activated expansion means se- 
lected from osmagents, osmopolymers or mix- 
tures of osmagents with osmopolymers for 
expelling the active agent layers from the de- 
livery device, 

(iii) an exit means, and 

(iv) a fluid-passage means selected from the 
group consisting of a screen, a microporous 
membrane, a semipermeable composition and 
combinations of these; and 

(c) an expansion chamber within the second hous- 
ing, the expansion chamber comprising 

(i) a second fluid-activated expansion means se- 
lected from osmagents, osmopolymers or mix- 
tures of osmagents with osmopolymers for 
separating apart the first and second housings, 
and 

(ii) a push plate adjacent the telescoping end of 
the first housing; 

(2) allowing fluid to be imbibed through at least a 
portion of the second housing of the delivery de- 
vice for causing the second expansion means to 
expand and exert pressure on the slidably con- 
nected first and second housings to push apart and 
separate the two housing to expose the fluid-pas- 
sage means to the environment; and 

(3) allowing fluid to be imbibed through the fluid-pas- 
sage means for causing the first expansion means to 
expand to push the active agent layers and the 
non-active agent-containing layers sequentially 
from the delivery device. 

14. A method according to claim 13 which further 
comprises a partition layer between the active agent 
layers and the first expansion means. 

15. A method according to claim 13 wherein the exit 
means is closed by an erodible material. 

16. A method according to claim 13 which further 
comprises a retaining structure across the exit means. 
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